Abstract: Type 2 diabetes mellitus (T2DM) consists of a set of metabolic and endocrine disorders which evolve into deficiency in insulin action and hyperglycemia. Physical exercise is considered the main intervention to prevent and control T2DM. Literature has suggested that circulating microRNAs (miRs) help to understand responses to physical activity among diabetic patients. Thus, the aim of this study was to analyze the acute effect of two interventions (strength and cardiovascular) on the total, whole blood circulating concentrations of miR-126, miR-146a and miR-155 in older adults with and without T2DM. A total of 23 male and female older adults (68.2±5.3 years) participated in the trial, 13 of whom presented with controlled T2DM and 10 were nondiabetics. They underwent both interventions separately, performed with intensity from 60% to 70% of reserve heart rate. Glucose and miRs levels were quantified and compared across groups with baseline titers as covariables. Diabetic patients showed more reduction in serum blood glucose than nondiabetics, with a great magnitude of reduction after the strength training intervention, which was paralleled by a positive change of the whole blood circulating levels of miR-146a, but not of the other miRs. Our report supports evidence that miR-146a levels in peripheral blood leukocytes are negatively associated with a state of insulin resistance, which is suggested as a novel marker to trace response to antidiabetic interventions.
Introduction
The aging process causes a number of morphological and physiological changes in the human body, such as reduced functional capacity of organs and tissues, loss of muscle mass, and changes in metabolic capacity. 1 Because of these changes, there is an increased risk of cardiometabolic diseases (CMDs), 2 with a higher level of sedentary lifestyle leading to a greater body mass and thus to a significant increase in the incidence of CMD, especially diabetes. 3 Type 2 diabetes mellitus (T2DM) is a chronic metabolic disease directly related to impaired or deficient insulin action in the human body resulting directly from a state of resistance to this hormone, which leads not only to reduced glucose cellular uptake and systemic hyperglycemia but also to an overall worsened status of physical functioning. 4, 5 This condition is usually a direct result of a combination of genetic predisposition, physical inactivity, and poor eating habits. 6, 7 Currently, T2DM control is largely based on either pharmacological intervention, mainly the use of oral antidiabetic drugs to reduce glycemic levels to the physiological fasting glucose range of 70-99 mg/dL (up to 140 mg/dL if postprandial), 8 or the
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Morais Junior et al non-pharmacological approach, which encloses changes in behavioral factors such as diet adequacy and adoption of regular exercise practices. 9 There is strong evidence in the literature 6, 10 showing that physical activity helps in glycemic control by improving tissue sensitivity to insulin and reducing body weight. Increased blood glucose uptake by muscles may also result from enhanced action of the insulin-regulated GLUT4.
The literature shows that the two types of physical exercises (cardiorespiratory and strength) have positive effects on both prevention and control of T2DM, 11 producing acute and chronic physiological effects. 12 Xu et al 13 suggested a new way of understanding physiological changes caused by physical activity: circulating microRNAs (c-miRs or c-miRNAs). miRs are small protein noncoding RNA molecules containing 18-23 nucleotides in their single-stranded chain, 14 and they regulate gene expression at the posttranscriptional level by binding to 3′ and 5′ untranslated regions of target messenger RNAs (mRNAs). Thus, miRs may cause the inhibition of protein translation or even mRNA degradation. 15, 16 Because miRs are abundant in the entire cell nucleus, they circulate through blood and other body fluids in nucleated elements such as leukocytes. 17 In the systemic circulation, miRs may also be found in small vesicles named exosomes and in high-density lipoprotein (HDL). 18 These features make miRs resistant to endogenous RNAses and cooperate to make these molecules eligible to be studied as potential biomarkers of health and disease status. 19 The complete set of intra-and extracellular miRs found in the systemic circulation is named c-miRs.
Recent studies have shown the association between miRs and several diseases, including T2DM. 20, 21 For example, the literature found an inversely proportional relationship between glucose levels and blood concentration of miR-126. 22, 23 Other studies suggest that reduced concentrations of miR-146a and miR-155 contribute to a pro-inflammatory state associated with T2DM. [24] [25] [26] Thus, the three abovementioned miRs are possibly related to T2DM, which justifies a study on the association between physical activity and the concentration of these biomolecules.
Hence, the objective of the current trial was to analyze the acute effect of two types of physical intervention (cardiovascular and strength) on the total circulating concentrations of these three miRs in blood samples of older adults with and without T2DM. The understanding on how physical interventions systemically modulate the expression of potential biomarkers for T2DM may contribute to knowledge on the different strategies of the diabetic body to adapt to physical activity.
Materials and methods
A quasi-experimental study consisting of independent, parted exercise bouts was conducted with the same sample, with the experimental physical interventions being of different nature (strength and cardiovascular).
sample
A total of 23 male and female older adults participated in the study, 13 of whom were clinically diagnosed with T2DM whereas the other 10 were nondiabetics. All subjects were regularly followed at a primary care center affiliated to the public health system of the city of Cedro de São João, Sergipe, Brazil, and were informed about the research aims by reading and signing a written consent form.
Inclusion criteria were age $60 years and no mobility restraints. All volunteers with uncontrolled T2DM at the initial assessment were ruled out. To assure protection for all volunteers, the trial followed recommendations of the Declaration of Helsinki. The protocol was approved by the institutional research ethics committee from the Federal University of Sergipe, Brazil.
Anthropometric characteristics
The following anthropometric measurements were obtained from the sample: body mass index (BMI) in kg/m 2 , waist circumference (WC) in cm, and hip circumference (HC) in cm, according to the standards recommended by the World Health Organization. 27 
experimental design
The experiment lasted for 2 weeks. In the first week, heart rate was measured to estimate target heart rate zone and to familiarize participants with interventions. In the same week, after a 72-hour interval, they underwent intervention 1 ("strength training" circuit) and blood samples were collected before and after the procedure. In the second week, after a 7-day interval, intervention 2 (guided walk) was conducted, along with additional blood collections before and after the intervention (Figure 1 ).
Exercise intensity was controlled using the Polar Team ® system, consisting of software on a specific tablet computer. Heart rate zone was established between 60% and 70% of heart rate reserve (HRR), determined by the equation, HRR = HRmax − RHR, where HRmax is the maximum heart rate, which was estimated by the Karvonen formula (HRmax = 220 − age), and RHR is the resting heart rate, which was measured after a 5-min rest in the supine position in a ventilated environment at room temperature.
Warming up and cooling down
The warm-up lasted for 5 min and consisted of joint mobility exercises, encompassing the shoulder, hip, and knee joints needed to perform the interventions, with 15 repetitions per joint, whereas cooling down had the duration of 5 min and consisted of respiratory and stretching exercises.
strength training circuit (intervention 1)
The strength training circuit comprised eight stations, where exercises were performed alternating body parts. The circuit lasted for 40 min distributed as follows: 5 min of warming up, 30 min of circuit, and 5 min of cooling down, which was immediately followed by blood collection. The circuit had three sets, 40 s in each station, 20 s of rest between the stations, and 1 min of rest between the sets. During each rest, a hydration station was available to participants. A total of 30 min of circuit training, as advocated in the review by Romero-Arenas et al. 28 Heart rate was continuously monitored during the circuit session, and a trained professional stayed near each station to ensure volunteers' safety.
The exercises performed at each station were: standing row with extra-heavy Theraband (Carci, São Paulo, Brazil) tied to a fixed structure. "Sit and stand from chair" as adapted by Rikli and Jones. 29 Bench press with Theraband (same specifications of the row station). Deadlift (exercise that predominantly works hip muscles). Biceps curl with 3 kg dumbbells (Polimet, Curitiba, Brazil) for men and 2 kg dumbbells for women. 29 Squat with gym ball (Mercur, Santa Cruz do Sul, Brazil). Triceps curl with dumbbells (same specifications as the biceps curl station). Overhead stick squat (exercise that predominantly works knee extensors and flexors). The circuit was arranged following the same order described earlier, respecting the alternating schedule based on body parts, and giving priority to large muscle groups.
Cardiovascular circuit (intervention 2)
The second intervention lasted for 50 min, distributed as follows: 5 min of warming up, 40 min of guided walk with a target heart rate zone of 60%-70% of the previously calculated HRR, and 5 min of cooling down, according to recommendations of the World Health Organization for prescription of physical activity for older adults. 30 Blood samples were collected immediately after cooling down activities. Volunteers' safety and hydration procedures were the same as those adopted in intervention 1.
Blood collection procedure
Blood samples were drawn by venipuncture using vacutainer tubes containing EDTA. Approximately 5 mL of whole blood was collected and immediately distributed into smaller aliquots (1 mL), being stored at −20°C until molecular analysis. Another 5 mL was collected, left resting at room temperature and then centrifuged at 2,500 rpm for 15 min to obtain serum, a part of which being used immediately to determine glycemia and a part stored at −20°C for latter assessments of immune mediators. Venipuncture was performed by a trained nursing professional with vast experience in this procedure.
Blood glucose control
Glycemic levels were determined with spectrometry by means of an enzymatic reaction (glucose oxidase) using the 240 LabMax equipment and Labtest reagents. Before analysis, regular control procedure was carried out.
Inflammatory panel
From the serum previously stored, the inflammatory profile of the sample was determined by cytokine assessments performed by flow cytometry (FACS Verse model; BD Biosciences, San Jose, CA, USA), using the Human Th1/Th2 cytokine Kit (BD Biosciences) to yield levels of six mediators, as follows: interleukin (IL) 2, 4, 6 and 10; interferon gamma (IFNγ); and tumor necrosis factor (TNF). Measurement procedures followed protocols provided by the manufacturer.
The standard curve for each cytokine was generated using the mediator provided in the kit, and readings for each serum sample were estimated by interpolation from the corresponding standard curve. All data were analyzed using FCAP software, version 3.0 (BD Biosciences). 
Total rnA extraction
Total RNA was purified using the mirVANA PARIS kit (Thermo Fisher Scientific, Waltham, MA, USA) according to a modified version of the manufacturer's protocol, with 0.7 mL of whole blood slowly thawed in an ice bath. After extraction, quantification and sample quality analysis were conducted using a spectrophotometer (NanoDrop Lite; Thermo Fisher Scientific). Total RNA samples were stored at −20°C for later analysis.
Amplification efficiency
First, 1:10 serial dilutions with three RNA samples containing different concentrations (35.4 ng/µL, 56.6 ng/µL, and 97 ng/µL) were conducted to determine the concentration that showed better performance in the quantitative polymerase chain reaction (qPCR). These procedures revealed that the most effective concentration was 10 −3 , which was used for the three miRs (126, 146a, and 155).
qPCr analysis cDNAs of the three miRs were prepared using the TaqMan microRNA Reverse Transcription (RT) kit (Thermo Fisher Scientific) according to the manufacturer's instructions. The miRs under investigation (126, 146a and 155) were quantified by qPCR using TaqMan Universal PCR Master Mix reagent (Thermo Fisher Scientific) on the Eco™ Real-Time PCR System, version 4.0 (Illumina, San Diego, CA, USA), according to the manufacturer's instructions, with denaturation at 50°C for 2 min and at 95°C for 10 min followed by cycling at 95°C for 15 s and at 60°C for 1 min for 45 cycles. RNU43 was used as reference (endogenous control), and relative quantification was performed by the 2 −ΔCt method, as described by Zhang et al. 22 All reactions were run in duplicate to determine cycle threshold mean values for each sample, with miR and endogenous amplification of each sample grouped in the same slab to avoid errors.
statistical analysis
Statistical analysis included mean, SD, 95% CI, frequency of anthropometric measures, and analysis of sample cardiovascular risk. Shapiro-Wilk test and Levene test were used to test for normal distribution and data homogeneity, respectively.
The nonparametric Kruskal-Wallis test was used for comparisons of cytokines before and after the intervention (pre and post) for both interventions. The multivariate analysis of variance (MANOVA) was used to compare baseline values, and analysis of covariance (ANCOVA) was used to compare the magnitude of the intervention effect on blood glucose and miR levels according to patient's disease status condition. The difference between diabetic and nondiabetic participants was analyzed comparing the data (post-intervention value minus pre-intervention value), using baseline values for each miR as a covariable. The Bonferroni procedure was used for post hoc data analyses.
All tests were performed by the IBM SPSS Statistics software, version 22 (IBM Corporation, Armonk, NY, USA), and the level of significance was set at p,0.05 for all analyses. The statistical power of the study was considered moderate (0.65) and calculated using the GPower software, version 3.1 (University of Düsseldorf, Düsseldorf, Germany).
Results
All 23 older adults previously mentioned participated in intervention 1 (strength training), whereas three participants (two with and one without T2DM) were lost in the subsequent intervention 2 (cardiovascular). Data on age and anthropometric measures of diabetic and nondiabetic subjects along with levels of blood glucose and of immune mediators are presented in Table 1 and show no difference at admission for such traits across glycemic statuses.
Baseline (pre-intervention) relative quantities of the three miRs assessed were compared between groups and revealed no significant difference, regardless of health status (with or without T2DM) or training protocol (intervention 1 or 2).
The effect of each intervention on the glycemia of participants is shown in Figure 2 , which demonstrates more significant reduction in absolute blood glucose levels among diabetic patients. Baseline levels were significantly related No change was observed in the circulating levels of any of the three miRs after intervention 2.
Comparisons of cytokine levels before and after the intervention (pre-and post-intervention) revealed no significant differences with either the strength training or the cardiovascular intervention, regardless of the glycemic status (with or without T2DM) of the patients.
Discussion
The main findings obtained with the current trial consisted of greater decrease in serum blood glucose among diabetics compared with the nondiabetics after both interventions. Nonetheless, the extent of reduction was clearly greater among practitioners of intervention 1 (strength training circuit), being paralleled by a positive change in the total, whole blood circulating levels of miR-146a, which showed significantly greater changes among diabetic subjects (roughly doubling) compared to nondiabetic subjects.
Since baseline clinical parameters and miRs levels were similar between diabetic and nondiabetic patients and variations were corrected for baseline values of each miR, our results pointed to a consistent, intervention-specific phenomenon that was neither observed under cardiovascular settings nor in terms of other miRs investigated.
The mechanisms involved in miR-146a expression have not been well described in the literature so far, but studies found reduced concentrations of this miR in the circulation of diabetic subjects, 25, 31 showing a negative correlation with systemic glucose, insulin resistance, and inflammatory cytokines in patients with T2DM, in a pattern analogous to what is described in this study apart for a correlation with immune mediators. For example, Balasubramanyam et al 31 reported that miR-146a expression in peripheral blood leukocytes is negatively associated with insulin resistance. According to them, the negative association found between miR-146a and TRAF6 mRNA levels is key to unveiling the phenomena. TRAF6 is a proinflammatory response element that acts as signal transducer in the NF-kappa B pathway, being a target of (therefore, downregulated by) miR146a. 32 In this scenario, an impaired expression of miR-146a in T2DM (by mechanisms as yet unknown) may prompt cells to become overresponsive to the proinflammatory millieu akin to chronic, age-related disorders, where cytokines are largely known to trigger or worsen an unbalanced glycemic state. 33 In this respect, the significant increase in miR-146a concentrations after strength training intervention may represent a physiological aspect that may be useful to trace the functioning of glucose metabolism in the body. 7, [34] [35] [36] [37] [38] [39] Our finding prompts for future studies seeking strategies to modulate systemic miR-146a expression as a possible mechanism to improve sensitivity to insulin, as advised elsewhere. 31 Thus, the data reported in this study suggest a possible new metabolic pathway promoted by physical activity to provide benefits in the face of complications resulting from glucose intolerance.
However, it is important to note the possible limitations of the current study. First, we acknowledge that the intervention was short in duration, and the sample was limited in size as well as non-probabilistic due to exploratory nature of the study. But, assuming that both groups were nearly equal in sizes, the equation reproduced by Whitley and Ball 40 was used a posteriori to calculate the power of our study. Taking into account the observed twofold change in the miR-146a levels (100%) while the overall SD of the variable reached 65% of such amplitude, the standardized difference was detected as 1/0.65=1.53. With that, the number of participants required in each group to detect such difference with 80% power and a 0.05 cutoff for statistical significance was determined as 10 individuals, which rendered our study as reasonably powered. But, investigations like this study should be reproduced with other large-sized samples as well as for longer periods to confirm the findings observed in this study as reproducible, long lasting, and physiologically relevant, in this order. It would also be advisable to continuously monitor control groups (no exercise) to observe whether these variations in the studied biomarkers result from factors unrelated to the intervention.
Moreover, we would like to emphasize the importance of using blood as the model tissue in studies involving c-miRs. Blood remains to date as the main biological material to measure biomarkers, due to easy handling and minimum discomfort for volunteers, suggesting that further research should use whole blood to quantify miRs as potential biomarkers.
Finally, it is worth noting that, to the best of our knowledge, no study so far has proposed to simultaneously analyze the acute effect of two types of interventions (cardiovascular and strength training) on the total circulating concentrations of miRs in older adults with or without T2DM.
Conclusion
The strength training intervention, when performed as a circuit, led to a significant greater increase in total circulating levels of miR-146a among diabetic patients compared with control subjects. No change was observed in the circulating levels of miR-126, miR-146a, and miR-155 after cardiovascular intervention in participants either with or without T2DM. Both interventions promoted decreases in blood glucose levels, with greater decreases among diabetic patients and among practitioners of the strength training circuit.
The results of the current study may open new perspectives for the prescription of physical activity for older adults with T2DM since strength training seems to promote more satisfactory acute outcomes that apparently relate to a detectable physiological response (miR-146a levels) which remains to be confirmed.
